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的分别富集培养，分离筛选得到 44 株参与烃降解的细菌，这些菌的 16S rRNA
基因系统发育分析表明，分属于变形菌门、放线菌门、拟杆菌门、厚壁菌门的细
菌，表明该区域的石油降解微生物种类较丰富。共分为 26 个属，其中有 4 个可
能的新属、6 个可能的新种。单菌验证结果表明，其中 28 株有烷烃降解能力，
15 株降解效果明显。PCR-DGGE 分析表明，在所有富集菌群中优势降解菌为 
Alcanivorax、Acinetobacter 和 Alcaligenes。利用简并引物 alkBwf / alkBwr，对上
述的 44 株可培养单菌进行了 alkB 基因的扩增，从 10 个属的 15 株细菌里扩增共
获得 16 个 alkB 基因序列，并首次从 Gallaecimonas、Castellaniella、Paracoccus 和 
Leucobacter４个属发现 alkB 基因。此外，还以烷烃富集菌群 DNA 为模版，进行
了 alkB 基因的扩增，共获得了 45 个 alkB 基因序列，其中 29 个不同于来自可培
养菌株的 alkB。系统进化分析表明，这些 alkB 基因大致可分为 5 类同以报道的
alkB 基因有 60-80%同源性。荧光定量 PCR 分析表明，每升表层海水中细菌 16S 
rRNA 基因总量为(1.02±0.13)×109 至 (1.66±0.22)×109 个拷贝，各类 alkB 基因大
约有 3×103 至 3×105 个拷贝。 
在大西洋烷烃降解菌的 alkB 基因多样性调查方面，本文利用简并引物
alkBwf / alkBwr，对分离自大西洋表层海水的 197 株可培养单菌进行了 alkB 基因
的扩增，从 11 个属的 47 株细菌里获得了 52 个 alkB 基因序列。其中大部分 alkB
基因大部分来自于变形菌门的α、β 和 γ 类群，少部分来自于放线菌门以及厚壁
菌门，包括 Alcanivorax、Bacillus、Brachybacterium、Gordonia、Kordiimmonas、
Leifsonia、Marinobacter、Microbacterium、Salinisphaera、Tetrathiobacter 等。在
这些菌中，有 7 个属的细菌为首次报道，分别为 Bacillus、Brachybacterium、
Gordonia、Kordiimmonas、Leifsonia、Microbacterium 和 Tetrathiobacter。系统进


















PCR 反应程序，从分离自石油富集菌群的单菌和菌群 DNA 中共获得了 102 个
almA 基因序列。利用可培养菌株，从 4 个食烷菌模式种中得到了 6 个 almA 基因
序列；在 137 株南海可培养细菌中，有 3 个属 26 株菌中共获得了 28 个 almA 基
因序列；从分离自印度洋和太平洋表层海水的 28 株细菌中，有 5 株细菌共获得
了 8 个 almA 基因序列。这些 almA 基因主要来自变形菌门的α和 γ亚门， 常见
的属包括 Alcanivorax、Bacillus、Marinobacter 和 Salinisphaera。此外，从对厦门
和大西洋表层海水富集菌群中分别获得了 26 和 34 个 almA 基因序列。系统进化


































































Nowadays, natural oil seepage, marine oil transport accidents lead to persistent 
and serious pollution on marine environments and ecosystems. Bioremediation by 
virtue of microbial biodegradation is now widely recognized as an effective tool to 
remove marine oil pollution. It has long been recognized that many microorganisms 
which are abundant and widespread in environments have evolved to use this highly 
reduced alkanes as a diet. Thus, the isolation and identification of oil-degrading 
bacteria and study of their mechanisms are very important and necessary on 
bioremediation of oil spills in both basic research and applied research. 
In this report, the diversity of oil-degrading bacteria and alkB gene was surveyed in 
the seawater around Xiamen Island. Consequently, a total of 44 bacterial isolates 
consisting of 26 genera were obtained, which were characterized by 16S rRNA 
analysis. They belonged to Proteobacteria, Actinobacteria, the CFB group and 
Firmicutes, among which the α- and γ-Proteobacteria consisted of the majority. 
Besides, at least 6 potential novel species were isolated. Most of the obtained isolates 
exhibited growth with diesel oil and crude oil. PCR-DGGE analysis revealed that, the 
cultivable bacteria belonging to the following genera of Alcanivorax, Acinetobacter 
and Alcaligenes dominated these oil-degrading consortia. alkB genes were positively 
detected in 16 isolates by degenerate PCR. And for the first time, alkB genes were 
found in bacteria of Gallaecimonas, Castellaniella, Paracoccus and Leucobacter. 
Additional 29 alkB sequences were retrieved from genomic DNA of the oil-degrading 
communities. Phylogenetic analysis showed that the obtained alkB genes formed 5 
groups, most of which exhibited 60-80% similarity at the amino acid level with 
sequences retrieved from the GenBank database. Further, the abundance of alkB genes 
and 16SrRNA genes in seawater were examined by real-time PCR, respectively. The 
results showed that alkB genes of each group in situ ranged from about 3×103 to 
3×105 copies L-1, with the homologs of Alcanivorax and Pseudomonas being the most 















from1.02×109(±0.13×109) to 1.66×109 (±0.22×109) copies L-1. Bacteria of 
Alcanivorax, Acinetobacter and Pseudomonas are important oil-degraders in this area; 
while those frequently reported in other area, like Oleiphilus spp., Oleispira spp. and 
Thalassolituus spp. were not found in our report. These results indicate that bacteria 
and genes involved in oil-degradation are quite diverse, and may have restriction in 
geographic distribution in some species. 
A total of 197 bacterial isolates consisting of 48 genera were obtained, which were 
characterized by 16S rRNA analysis from surface seawater accross the Atlantic Ocean 
[64]. Using newly designed degenerate PCR primers, alkB genes were surveyed in 
these 197 culturable marine bacteria. Together, 52 alkB gene fragments were obtained 
from 47 bacterial strains, which belonged to 11 genera, such as Alcanivorax, Bacillus, 
Brachybacterium, Gordonia, Kordiimmonas, Leifsonia, Marinobacter, 
Microbacterium, Salinisphaera, and Tetrathiobacter. Among them, the following 
genera were reported for the first time to harbor alkB genes: Bacillus, 
Brachybacterium, Gordonia, Kordiimmonas, Leifsonia, Marinobacter, 
Microbacterium, Tetrathiobacter and Solimonas. Phylogenetic analysis showed that 
this kind of genes were quite diverse and formed several clusters, most of which were 
generated from various Alcanivorax bacteria. Interestingly, some sequences were 
grouped into a far related novel cluster, such as those from Salinisphaera genus. On 
the other hand, far related isolates owned similar or even identical sequences, 
indicating horizontal gene transfer. 
Alcanivorax dieselolei strain B-5 is a marine bacterium that can utilize a broad range 
of n-alkanes (C5-C36) as sole carbon sources. However, the mechanisms responsible 
for these characteristics remain to be established. In this report, the characterization of 
four alkane hydroxylases was surveyed from A. dieselolei, including two homologues 
of AlkB (AlkB1 and AlkB2); a CYP153 homologue (P450), as well as an AlmA-like 
(AlmA) alkane hydroxylase. Heterologous expression of alkB1, alkB2, p450, and 
almA verified their functions in alkane oxidation. The A. dieselolei B-5 almA mutant 
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